Gymnospermae, Leaf Exudates, Flavonoid Aglycones, Biflavonoids Biflavonoids are well known to occur in many Gymnospermae. Here we report on their occurrence in epicuticular material of a num ber of species. Several compounds are charac terized by detailed NMR studies and FAB-MS. They are identified as amentoflavone, bilobetin, podocarpus-flavone A, sciadopitysin, dihydrosciadopitysin and cupressuflavone.
Introduction
Monomeric flavonoids normally occur as glyco sides in plant tissues, dissolved in the cell sap, hence localized in the vacuoles. When flavonoid aglycones accur as such, they are mostly accumu lated externally, on plant surfaces. They are pro duced preferentially by plants exhibiting secretory structures, and they are encountered in many plants living in or originating from arid and semiarid habitats (Wollenweber, 1994). Such occur rences are found more and more often, provided the localisation of aglycones is considered in phy tochemical studies (Wollenweber, 1996) . Biflavo noids, on the other hand, have hardly ever been encountered as glycosides (Psilotum; Markham, 1984), they normally occur as aglycones (Geiger and Quinn, 1988; Geiger, 1994). These were so far regarded as being constituents of plant tissues. The question arose, however, if they can also be elim i nated from the tissue and deposited externally on leaves and stems. Biflavonoids are particularly abundant in Gymnospermae, but so far only one report dealt with the occurrence of biflavonoids in the outer epidermal cell wall and in the cuticle of Agathis robusta (Gadek et al., 1984). We have, therefore, studied fresh leaves of several species of conifers for the presence of biflavonoids in epi cuticular materials. 
Results and Discussion

Flavonoid identification
Structure elucidation of the biflavonoids 1 -6 could readily be performed with the help of their 'H NM R (Table I) and NO ESY or ROESY spectra, together with the results from FAB-MS. Although they all are known products, we report their !H NM R data in Table I because Table I . 'H -N M R data of 1 -6 (400 MHz. DMSO-d6). Assignments according to (Markham and Geiger, 1994) and by results from NOESY and/or ROESY; the assignments for H-3/H-3" and OH-5/OH-5" may be exchangeable. Table 1 and Experimental) allowed us to identify 6 as cupressuflavone (8,8"-biapigenin). The interflavonyl linkage between C-8 and C-8" of the two apigenin monomers (and not between C-6 and C-6") was evident from the 13C NMR spectrum. The resonance visible at 6 99.1 was typi cal for a tertiary C-6 and C-6" respectively, whereas C-8 and C-8" were shifted downfield from about 6 93 (typical chemical shift for C-8 of apigenin) to more than 100 ppm (6 102.5 or 103.4, see Experimental; exact assignment unclear as no H ETC O R spectra were recorded) due to the in terflavonyl bond.
Flavonoid distribution
So far bulk material of six species has been worked up to isolate the above biflavonoids for analysis.
In Cupressus torulosa D. Don., the leaf exudate shows a big portion of terpenoid material. From the phenolic portion we isolated amentoflavone, cupressuflavone and podocarpusflavone, and we no ticed traces of apigenin and luteolin. Hinokiflavone seem s also to be present, although its identification is somewhat questionable. A very unpolar flavo noid constituent is observed in trace amount only, thus far not allowing its isolation and identification.
From the acetone wash of Ginkgo biloba L. leaves we isolated ginkgetin, isoginkgetin, bilobetin, sciadopitysin and dihyrosciadopitysin. Polar fractions contained apigenin, kaempferol, querce tin, isorhamnetin, and traces of kaempferol-and quercetin-3-O-glycosides. Bilobetin, ginkgetin, isoginkgetin and sciadopitysin are well known con stituents of G inkgo leaves, and so is amentofla vone, which was not detected in this study. Dihydrosciadopitysin was so far known as a constituent of Podocarpus leaves (Roy et al., 1987). To our knowledge this is the first report on its occurrence in G inkgo biloba. It should be mentioned here that exudate biflavonoids can be obtained from fresh green leaves of the maidenhair-tree as well as from its yellow automn leaves, even from those already fallen to the ground.
Sciadopitys verticillata (Thunb.) Sieb, et Zucc. exhibits isoginkgetin, podocarpusflavone A, and traces of amentoflavone and cupressuflavone.
The epicuticular material of Sequoiadendron giganteum (Lindl.) Buchholz exhibits amentofla vone, cupressuflavone, isoginkgetin and podocar pusflavone A. For three or four unknown components we cannot say with certainty whether they are biflavonoids or not.
In the acetone wash obtained from Taxus baccata L. needles the terpenoid portion is rather low. We found ginkgetin and sciadopitysin as major , 1984) , also is in favour of the external localization in those species where we found them. A lso these acetone rinses do not ex hibit traces of chlorophylls and carotenoids, thus proving that they do not contain tissue constitu ents. On the other hand, exctracts obtained with acetone/methanol e.g. from Ginkgo biloba leaves that have been rinsed with acetone beforehand, still yield biflavonoids. We conclude that these compounds, due to their partly hydrophilic, partly lipophilic nature, can be localized in the leaf tissue (including outer cell walls and cuticle) as well as on the leaf surface.
A recent paper by Wilhelmi and Barthlott (1997) deals with the micromorphology of epicu ticular waxes in Gymnosperms. The authors report various tubular fine structures, som etim es re stricted to stomata lines, for the epicuticular material on Ginkgo (Ginkgoaceae), Cupressus and Thuja (Cupressaceae), Sciadopitys (Sciadopityaceae), and Sequoiadendron (Taxodiaceae), in the two latter genera combined with scale-like struc tures. These observations further support the above assumption that the biflavonoids we de tected in acetone rinses form part of the epicuticu lar material. They seem to have no influence, though, on the micromorphology of the epicuticu lar waxes.
The observation that considerable amounts of biflavonoids are deposited externally on Gymnosperm leaves and can hence readily be obtained by rinsing leave material with organic solvents, might be of practical interest: the biologically active biflavonoids of Ginkgo biloba could thus probably be isolated easier and, therefore, at lower costs than from leaf extracts.
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